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Abstract 

We analyse the top flavour violating decays in general supersymmetric model 



> 

VO ■ using the mass insertion approximation. In particular, we discuss the impact 

\^ • of a light right-handed top-squark and large mixing between the first or second 

Cp ■ and third generation of up-squarks on processes as t — > (?7,5. We also take into 

^^ ■ account the relevant experimental constraints from S-physics and the require- 

^S^ • ments for a successfull electroweak baryogenesis on squark mixings. We show 



that for general large mixings in squarks mass matrix, the branching ratio of the 






t "*■ 97; 9 {q = "^1 c) can be as large as 10 
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1 Introduction 

The Standard model of electroweak and strong interactions (SM) has had an impres- 
sive success when confronted with experiment. However, it has been estabhshed that 
the strength of CP violation in the standard model is not sufficient to account for 
the cosmological baryon asymmetry of the Universe (BAU)[1]. One of the most at- 
tractive mechanisms to generate the observed BAU is that of electroweak baryogenesis 
in supersymmetric (SUSY) extensions of the SM. It was shown that supersymmetric 
extensions of the SM have all the necessary requirements to generate enough BAU. In 
particular, SUSY models offer new sources of CP violation, and in the presence of a 
light stop the phase transition becomes much stronger [2]. However, the bound of the 
neutron electric dipole moment (EDM) imposes severe constraints on the flavour diag- 
onal phases [3] and may possibly rule out scenarios of SUSY electroweak baryogenesis 
based on CP violating chargino currents. A possible way to overcome this problem, 
and to generate enough BAU while satisfying the EDM constraints, is to assume that 
SUSY CP violation has a flavour character as in the SM [4-6]. These models share the 
common features of requiring the presence of a light top-squark and predicting a large 
mixing between the third and first or second generations of up squarks. Since both the 
latter requirements play an important role in top-quark physics, one is likely to expect 
an enhancement in fiavour changing top decays. 

In SM, processes like t — > -u, c 7, (7 are absent at the tree level, and are highly sup- 
pressed by the GIM mechanism at the one-loop level. Within the SM, the prediction 
for the branching ratio (Br) of these decays is of order 10~^^ [7]. Therefore, the ob- 
servation of t ^ M, c 7 decays, either at the LHC or at a future linear e^e~ collider, 
will constitute a sign of new physics. In supersymmetric models, new channels (mainly 
through chargino and gluino exchange) emerge to compete with those of the SM. 

In this paper, we study fiavour changing top decays as t — *> -u, c 7, (7 in the minimal 
supersymmetric standard model (MSSM) with a light right-handed top squark. In 
order to obtain a mo del- independent analysis of the low-energy MSSM, we will use 
the generalised mass insertion approximation (MIA). In this framework, a basis for 
fermions and sfermions is adopted in such a way that the couplings of these particles 
to neutral gauginos are fiavour diagonal, while fiavour-violating effects are encoded 
in the non-diagonality of the sfermion propagators. In addition, it is assumed that 
one of the eigenvalues of the up-squark mass matrix is much lighter than the other 
(degenerate) eigenvalues. We take into account the constraints that the relevant mass 



insertions in the up sector must fulfil in order to generate a successful baryogenesis at 
the electroweak scale and we consider the bounds on the squark mass insertions derived 
from experimental measurements of B decays. In view of the above, we investigate the 
possibility of observing flavour violating top decays at the LHC or at a forthcoming 
linear collider. 

These flavour violating top decays have been previously studied in the literature 
[8-14] and different results were obtained. In this paper, in order to be able to apply 
easily our approach to any supersymmetric models, we decide to use the generalised 
mass insertion approximation. This approach has the great advantages that we shall be 
able to identified the dominant contributions for any SUSY models to these processes 
without ambiguities. 

This paper is organised as follows. In Section 2 we provide analytical results of 
the SUSY contributions the amplitudes of t — > qj, g decays, using the generalised 
MIA. Section 3 is devoted to the presentation of the numerical results, analysing the 
constraints from BAU and FCNC processes and how they affect the branching ratio of 
these decays. We also comment on the prospects of observing the t -^ q'-f, g process in 
the upcoming experiments. Our conclusions are summarised in Section 4. 

2 t ^ ^7 in the MSSM with a hght stop 



Aotai(t ^ qi, g) = T i^ln ^I'l + ^If <^li) ' (1) 



The total amplitude for the t ^ q'-f decay can be written as 

E 

i 

where i denotes the mediator in the loop, and 

O^R = e.qza^'p.PRt , 0]il = e.qia^-'p^PLt , (2) 

with 0"^^ = I [7^, 7^^], and p,y the momentum of the outgoing photon (gluon). 

In the SM, the t ^ q'-f decay is mediated by charged W bosons, so that A^,^ = A^r. 
In the framework of the MSSM, one finds four new sets of diagrams inducing the 
effective O'^ operators, namely via the exchange of charged Higgs bosons, gluinos, 
charginos and neutralinos, as illustrated in Fig. 1. Thus the amplitude for the t ^ q'-f 
decay can be parametrised as A] = < A^-^, ^^±, AJ, Al±, Al^ \ ■ 

Both the SM and charged Higgs contributions rely on the Cabibbo-Kobayashi- 
Maskawa matrix {Vckm) as the sole source of flavour violation. In what follows, we 
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Figure 1: Feynman diagrams for the decay t — > 57: (a) gluino mediated, (b) chargino 
mediated and (c) neutralino exchange. On diagram (b) the photon hne can be also 
coupled to the internal down-squark line. 

will study each of the above contributions. In particular, we will compute the sfermion 
mediated decays (gluino, chargino and neutralino) using the mass insertion approxi- 
mation. 

2.1 W and H^ contributions 

For completeness we include here the SM contribution as well as the one associated 
with charged Higgs exchange. These contributions are given by [15] 



•^w,R ~ A /— ~{^CKM)qh{ycKM)tbXbw [e_D-^i (s^fciy ) + -F2(a^bvy)] ; (3) 



•^H± R ~ A /- l^:?r \yCKM)qh [VcKAlJtbXbh 



X 



{tan^PleoFiixbh) + F2{xbh)] + [eoFsixbh) + F^ixbh)]} • (4) 



In the above cd is the charge of the down-type quarks running in the loop {e^ = —1/3), 
and -Fi,2,3,4 the associated loop functions, given in the Appendix A, with Xbw,h defined as 
the mass ratios Xbw,h = ^/''t^wh±^ respectively. Due to the smallness of the associated 
Yukawa couplings, the contribution of d and s quarks are negligible, and hence we 
consider only the dominant bottom-quark terms. We also neglect the contribution 
of the partial amphtudes •^'^(h±) l which are suppressed by a factor of mq/mt when 
compared with -^wiHi) r- Since nib ^ i^H^'in^w^ one can easily obtain an estimate of 
the charged Higgs and W boson contributions to the t ^ q'j decays. One finds 

Ttl 

nt^<ll) = Y^\Al.,n + Al^\'. (5) 

Regarding the associated branching ratio, Br(t — ^ 57) = T(t —^ q'7)/rtotah l^t us recall 
that the total decay width of the top quark is dominated by the t —>■ bW channel. 



which is given by 

Tt ^ T{t -^ bW) 



^^ IT/ |2_3 / 1 ''T^W] / 1 , "^ly o"^'W' 



^ ,\4,pm 1-:::^ [i + ^-2'-^ . (6) 

Thus, the W and charged Higgs contributions to the Br(t -^ q'-f) are given, to a very 
approximation, by 

7T7 1 

Numerically {mt = 174 GeV, -m;, = 5 GeV, tan/5 = 10, rriHi — 100 GeV), one has 

W : Br(t -^ M7) = 7.5 10"^^ , Br(t -^ 07) = 6.3 10"^^ ; 

H^ : Br(t -> M7) = 4.6 10^^^ , Br(t -^ 07) = 3.8 10"^° . (8) 

Mostly due to CKM suppression, both W and charged Higgs contributions are indeed 
very small, and we shall neglect them in our numerical analysis. 

2.2 Gluino contribution 

In the super-CKM basis, the quark-squark-gluino interaction is given by 

Cuug = V2gs T^, [u' Pl r u% - u' Pr r ul + H.c.) , (9) 

where T" are the S'f/(3)c generators, and 6, c are colour indices. As aforementioned, we 
will use the MIA to express the gluino contribution to the t ^ cf amplitude. We begin 
by considering the generalised MIA scenario, in which one of the scalars in the loop 
(typically the right-handed top-squark), is considerably lighter than the other squarks, 
m? ^ m- . In this case, the amplitude for the gluino mediated t ^ q^ decays reads: 

_ Aas^/a (m^) f mt f F2{zt, ZgJ - F2{zt, z^^ 

--w«).3 r'''"^"''"'''^"'-' )|. (10) 



4 as^/a (m2) I mt ( F2{zt, z^^) - F2{zt, Zj^ 



In the above, eu is the charge of the up-type quarks {eu = 2/3), Zt^g are respectively 
defined as the mass ratio {rrit^q/mgY = 1/xt^q, and the loop functions F2^4,{x,y) can be 
found in Appendix A.(m^) is the mean value of the squark mass matrix. We have also 
neglected in Ajj^ (-^^.l) terms associated to S'^j^ {Sll)j since these would be suppressed 
by mu,c- 

In a scenario where one can approximate m^^ ^ m? ~ -m?^ , rrig ^ rrit , the finite 
differences would tend to the usual MIA derivatives. 

Regarding the t ^ eg amplitude, one has 

.g _ (^sV^ (m^) { mt f F2{zt, ZgJ - F2{zt, Zj^] 

^--- - - ^^ ^ 1^ ('-)-^ I, ^-^^ 

_^ /^^(f,i,J^^(f^^l (12) 

^~9 V ^9^ ~ ""in 



_ Ausy/a (m^) i mt ( F2{zt, Zg„) - F2{zt, z^^ 

Ag,L - -o -7^ ("U—r \ -Z2 l^i?i?)93 



where the functions ^2^4 are defined as 

F2A{,x,y) 



4 C(G') 



F2,4(x,|/)-^^Fi,3(x/t/,l/i/) 



with C(G') the quadratic Casimir operador of the adjoint representation of SU{'i)c- 

2.3 Chargino contributions 

The relevant Lagrangian terms for the chargino-quark-squark interaction are given by 
2 3 



^w-x+ = E E {^« [^A*2 (>;'^^^ ^c/.m).,] x\ 4 - ^1 [^ Uai {VckmU Xl 4+ 

+ ul [Ua2 {Vckm Yt%^ x\d'R] + H.c. (14) 



A=l i,j=l 



where the indices i,j label fermion and sfermion fiavour eigenstates while A refers 
to chargino mass eigenstates. X^Jf^ are the diagonal up- and down-quark Yukawa 
couplings, and V, U are the usual chargino rotation matrices defined by U*My+V^^ = 



diag{m + , m +) . Keeping the terms whose flavour violation stems from the Vckm, and 
neglecting those proportional to mg/mt, the chargino contribution now reads 

2 



A 



a,,„\/a 



x^,R 



-nit 



V A=l XA 



E 



i-\u. 



Al\ 



iVcKM)qiiV^KM)j3^ij [Flixt,XA) + eDF2{Zt, Za)] + 



''riVcKM) qi{S LL)ij(^CKM) j3 [Gl{Xt,XA) + e£)G2{Zt,XA)] 



+ 



{VcKM)qi (yd'''^) .. {V^KM)i3 [Fi{Xt,XA) + 6/5^2(2:4, Za)] + 



\<-^A2\ 



+iVcKMU{Yt')AS[ 



RRjiJ [ ^d'''^ ) . . (^( 






ckm)j3. [Gi{xt, Xa) + eDG2{zt, Xa)] 



9UA1UX2 



(Vc 



CKMjqi {Yd 



diag 



(5; 



Li?;u i^d 



diac 



n 



{^CKm)j?> [Gi{Xt,XA) + eDG2{Zt,XA)\ 



- 9UX1UA2 {VcKM)qi (yd'''^) .. iKL)ijiycKM)j3 [Gl{Xt, Xa) + eDG2{Zt, Xa)] 



m 



XA 



ITit 



-gUAlVA2 



{VcKM)q^S^,iViKM)33 W'^)33 [^sl^t, Xa) + enF,{zt, Za)] + 



+ {VcKM)qi{5iL)viycKM)js {yu'"'')33 [Csla^t, a;^) + eDG^{Zt,XA)] 



-Ua2V. 



A2 {VcKM)q^ (v/^^)^^ (4l).. (V;?/.m).3 {Y^^'''') ,, [Gs{xt, Xa) + e^G^izt, xa)] 

(15) 

where XA,t = ("^y± t/''^d)^ — ""^^i J^<iL ' '^* ~ (mt/m-±)^and and the additional loop 
functions Gi can be also found in Appendix A. For the chargino contributions, one has 
A^±,L = 0{mg),{q^t) 

To get the chargino contribution to t -^ q g, one should only keep the terms 
proportionnal to the functions -^2,4 (a;, y) and G2,i{x^y) and clearly changing ^aco by 



2.4 Neutralino contributions 



In this case, the relevant Lagrangian terms are 



4 3 



3v^ 



a=l i=l 



~u\ -^ U,2 + \Nai tan ^^"j x^ u\ - u\ N^, Vf'^ X>r\, (16) 

where N is the 4x4 rotation matrix which diagonalises the neutralino mass matrix 
Mn, N*MnN~^ = diag(m^o). Using Cuux'-' one derives the neutralino contributions to 
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the flavour changing top decay t -^ q'-f, which are given by 

4 









A^a4(iVa2 + -tan6'H/A^ai; ' 






+ 



+ 



2mvi/sin/3 "''^ "' ' 3 
( A^a2 + I tan 6'vv' A^ai ^ rrit f F2{zt, Zq^ ) - F2{zt, zi^ 



^<?L ^ti 



Aa 



^91, ^ti 



(^L 



LL)q3 



2 ,1 ,1 I Fjzt, Zar) — FA(zt,Zt 

-tan^^iV,i(iV„2 + -tan^H/iV,i) ' ^^ *' "^^ ^^ *' *^ 



A.a 



^QL ^tR 



.^-— -^iV„,(iV., + -tan^H.iV.0^ ^ ^^-^^^ 

Xa 



■'Si -^tf 



(5: 



LRJq3 ( ) 



;i7) 



^Zo 



X0,i 






- tan^ ^H^ |A^ai 



'^'—-i.ne^K.N:,- ' /^4(...,J-F,(.„.,, 



9—- — " vv \' ■ ClI\ 9 



mi4/sin/9 3 

2 "^t /i^2(^t,^g«) -i^2(^t,^t^ 



Aa 



^te ^t_R 



^9fl ^ifl 



+ 



2 1 

- tan OwK^ {Nl^ + - tan OwK^] 



i^RR)q3 

1 /F4(2:i,2;g^)-F4(2;i,Zi^; 



Aa 



^•jfi ^ti 



2 mt mi ,^F2(2;t,2;g-^)-F2(2;t,2;f^ 

^ ^-5A^a4iVaitan6'vK^ 



Aq, 



^"Jfl ^tL 



{^l 



RLJq3 ( 1 



'li 



The fourth contributions for each amphtudes are usually neglected for processes involv- 
ing like quarks or leptons as 6 — * 57 or yU — * 67. But clearly, for the top quark, they 
cannot be neglected. As for the chargino case, to get their contribution tot^cg, one 
should just replace a by a^. 

3 Numerical results 



In this section we will explore the parameter space of the general MSSM in order to 
find the maximum allowed values of Br(t — » 07) in the presence of a light stop, while 
observing the constraints on squark mixing imposed by B physics and by generating 



the correct BAU. In our analysis we take into account experimental bounds on the 
masses of the SUSY particles [16] and all available constraints from FCNC and rare 
decays [19] [26]. 

As shown in Ref. [5], the observed ratio of the baryon number to entropy in the 
Universe [21, 22] 

r^ = !^ = (6.3 ± 0.3) X 10-1° (19) 

can be accommodated in the framework of flavour-dependent supersymmetric elec- 
troweak baryogenesis. In this scenario, complying with the value of r} requires two key 
ingredients: a very light stop, 105 GeV < mi^ < 165 GeV, and a sizable mixing in the 
LR up-squark sector^. In fact, in this framework, the BAU can be written as 

r^ ~ 10-9 Inn /i F/ ^ Im(52^)*, , (20) 

where Irr is given in [5], and Yt = (^^f''^^)33. The requisite of LR up-squark mixing 
depends on the other parameters involved in the computation of ub/ s, namely on mq 
and on the value of the bilinear /i-term. In particular, for niq ^ ITeV and ^ ~ 700 
GeV, complying with the observed BAU imposes 



M5]iH)^.>0.15, (21) 

which in turn implies 

Wlr)m\>Q.I^. (22) 

It is important to notice that since {SiRJij = {Srl)^^, thus the BAU constrain can be 
written as 

mLU>0.l5. (23) 

Regarding rrif:^, in agreement with collider bounds on the mass of the lightest top- 
squark [17,18], and unless otherwise stated, throughout the analysis we will always 
consider m^^ = 110 GeV. 

After these considerations, we turn again our attention to the SUSY contributions 
to the inclusive width of the t — > g7 decay. These are given by 



m'l 



167r 



J2AR{t^q-f) 



Y^Adt^qi) 



(24) 



""^We note here that in these scenarios, the strength of the EWPT is typically too small. Neverthe- 
less, this problem can be overcome by the introduction of new degrees of freedom, as is the case of 
extensions of the MSSM with additional Higgs scalars [23-25]. 



r(t ^ q g) 



^(«)S^ 



E 



Ai,R{t -^ qg) 



Z^ 



A,L{t -^ qg) 



(25) 



where C{R) 
where i - 



4/3. 



g,X yX ■ As we usual in the framework of the MIA, we analyse each 



contribution separately, so that the branching ratio associated with each of the above 
terms is defined as 

Br(t^g7,^)= -— -— — , (26) 



V{t^hW) ' 
with r(t -^ bW) - 1.52 GeV. 

We start our analysis by considering gluino mediated top decays. As it can be seen 
from Eqs. (10,11), the gluino contribution to Br(t — > 97) essentially depends on three 
parameters: the gluino mass rrig, the average squark mass niq and the mass of the 
light top-squark m^^. Regarding the flavour structure, the gluino meditated t ^ cy 
decay is a function of the {^11)23 and (5]^^)23 rnass insertions. An illustrative example 
of the dependence of the Br(t -^ 07) on the relevant mass insertions can be drawn 
by considering a representative point in the parameter space, which complies with the 
BAU requirements. For rrig = 300 GeV and rriq ~ 1 TeV, the branching ratio reads: 



Br(t -^ C7) 



'Ll)23 



2.6 X 10^^°(52 

+ 2.4 X lO-'ihnj^s 

-\SRLh3 K 



5x10-^61^)23(51^)23- 

{5rl)23 ■ 



2 +1.6X lO-s^^« ^2 



-7.1 X 10" 



'RL)23 y^RR)23 



7.7 X 10''{S-Rn)l,. 



(27) 



The leading gluino contributions to the Br always stems from the terms proportional 
to {S'^ji)23, with an associated coefficient of order (9(10^^). Therefore, the bound from 
Eq. (22) will not affect the dominant (5]^^)23 term in the branching ratio contrarly to 
naive expectations that the large mixing between first/second and the third up-squark 
generation required for a successfull electroweak baryogenesis implies enhancement in 
top flavour violating decays branching ratio. It is worth mentioning that in the class 
of SUSY models with hermitian or symmetric trilinear couplings, the magnitude of 
I(^lr)23I is '^f ^^^ same order | (52^^)32 1, hence the BAU leads to a lower bound on the 
branching ratio Br(t -^ c-f) of order 10~^ as it can be seen from Fig. 2. 

In Fig. 2 we plot the Br(t -^ c-f) as a function of |((5]^/j)23|j for several values of 
{rrig, rriq), fixing all the other mass insertions to be zero. As can be seen from this figure, 
larger values of the average squark mass strongly enhance the gluino contributions to 
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Figure 2: Gluino contributions to Br(t -^ 07) as a function of | (^2^2)23! for different 
pairs of (m^,m,-): (300 GeV, 1 TeV), (300 GeV, 500 GeV) and (500 GeV, 1 TeV), 
corresponding to solid, dashed and dot-dashed hues, respectively. 



the branching ratio. This can be easily understood by inspection of Eq.(lO) as in 
such a case, the Xq^ ~ xi^ -^ and the dominant terms only comes from the light 
right-handed top squark contributions. In fact, it can be verified that the BR{t — >■ cy) 
monotically increases with rriq, saturating at BR ~ 10~^ for rriq ~ 0(4 TeV). 

In Fig. 3 we present a plot for the branching ratio Br(t — > cy) as a function of r?2j^ 
which is a crucial parameter for enhancing the BAU and also the branching ratio of 
top decay. As can be seen from this figure, in case of large mixing between the third 
and the first or the second generation of quarks ((5lr)j3 ~ 0.1 or bigger), imposing the 
right handed stop masses to be within the range needed for electroweak baryogenesis 
imposes to the Br(t -^ ^7) to be bigger than 10~^. 

For completness, let us get the value of the gluino contributions in case of a no- 
BAU inspired models. In that case, we shall use rrig = 300 GeV, rriz =100 GeV and 



Vlf, 



500 GeV. One gets 



Br(t ^ C7) = 1.9 X 10-\6l '^ 

- 1.5 X 10-^(5" J23 Kr)23 + 6.98 X 10-«(5«^, 



- 1.2 X 10-'{61l)23 {6ln)23+ 

2 I o /I XX 1 n—S/jru \2 



^LL)23 

+ 1.97 X 10-^(52^)^3 + 8.4 X 10-«( V;23 • 



'23 



(28) 



Finally, we address the additional phenomenological constraints that should be 
applied to the computation of the Br(t -^ cy). First, we point out that the main 
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Figure 3: Gluino contributions to Br(t -^ cj) as a function of m^^ for different pairs of 
(rrtg, {Slji)23)- (300 GeV, 0.75), (500 GeV, 0.75) and (300 GeV, 0.25), (500 GeV, 0.25) 
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(SI 



LL)23 



is fixed as 0.1 and m^ = 1 TeV. 



constraint on the mass insertions (^ab)23 is associated with having the latter involved 
in the chargino contribution to the b ^ s'j decay. From the analysis conducted in 
Ref. [19], one finds that the current measurements of the Br (6 — * 57) = (3.21 ± 0.43 ± 
0.27) X 10"^ [20], can only constrain the {Sil)'^^ ^^ large tan/3, while the relevant mass 
insertions to the gluino mediated top decay, {Slrrl)'^^^ remain unconstrained. 

Regarding the chargino contributions, their contribution is always very suppressed 
compared to gluino contributions but it is important to emphasize to the fact that their 
contributions are proportionnal to 6'^^. Let us recall hat B^ — 5° mixing constrains 
('^ll)i3 to be of 0(0.1) [26]. Nevertheless, the mass insertion (5^^)23 is essentially 
unconstrained since nor 6 ^ 57 limits nor B^ — B^ mixing impose any bound on this 
parameter [27], so that (5^^)23 could be of order one. Even so, chargino contributions 
to Br(t -^ cj) can be at most of order 10~^, and play a secondary role when compared 
to those of the gluino. 

Respect the neutralino contributions, it can be seen from Eq.(18) that as in the case 
of the gluinos, these contributions depend on {6^^)23- However, their associated coeffi- 
cients are comparatively more suppressed. For instance the coefficient of the dominant 
{^lr)'23 term is suppressed by a factor ^ -^J^ -^ tan 9wNai{Na2 + l/3tan6'vi/A^ai) 
which is of order 10~^ — 10~^, implying that neutralino contributions will be clearly 
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subdominant when compared to those of the gluino and chargino. 

To conclude our analysis, we briefly comment on the experimental prospects for the 
observation of the SUSY mediated t -^ 57, g decays here discussed. First, let us notice 
that the present CDF limit on these processes is very weak [16, 28] 

Br(t -^ -iq) < 0.032 . (29) 

However, significant progresses are likely to occur in the near future, with new data 
from Tevatron Run II, which should be able to improve these limits by a factor 10 [29]. 
At longer terms, the next generation of colliders as LHC or a linear collider like TESLA, 
is expected to ameliorate the current bound (Eq. 29) by a few orders of magnitude [30]. 
In particular, after one year of operation, it should be possible to reach the following 
limits at LHC and TESLA, respectively [31] [32]: 

Br(t ^ C7) < 7.7 x 10"^ (LHC) , (30) 

Br(t -^ C7) < 3.7 x 10"^ (TESLA) , (31) 

Br(t^c^) < xlO~^ (LHC), (32) 

(33) 

From the comparison of these values to the results of the analysis conducted in this 
section, one can conclude that in the presence of a light top-squark and provided large 
mixing between the first/second and third up squark generations, the observation of 
processes as t ^ 07 will soon be within experimental reach. 

4 Conclusions 

In this paper we have studied in a completely model independent way top flavour vi- 
olating decays in general supersymmetric models using the generalised MIA. We have 
computed in a model-independent way the gluino, chargino and neutralino contribu- 
tions to the branching ratio of t ^ 57. We have shown that in a light t^ scenario, gluino 
mediated decays provide the leading contribution to the branching ratio of t ^ g7, g 
for a gluino mass between 300 GeV and 500 GeV. 

We have verified that the present experimental constraints on B physics didn't 
prevent us to get Br(t -^ 57) > 10^^ and Br(t ^ q g) ^ 10^^ . These results are 
particularly interesting, since such a sensitivity could be reached by the LHC or by a 
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linear collider like TESLA. In particular, after a few years of operation, one should be 
able to observe the t -^ g7, g decays. 

As a corollary of our approach, we have shown that contrarly to the naive expecta- 
tions, the large mixing between up-squarks needed to generate the BAU at electroweak 
scale doesn't affect top flavour violating decay, except in particular susy models where 
{^lr)23 is related to ((5iij)32 (see for instance susy models with hermitian texture for 
the trilinear terms). 
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A Loop functions 



T-. ^ ^ -^ r^ (l"^)i fx + y{l-x) -z{l-x)x\ 

F,iz,y) = A?dx^l:^in(^-±y^^^4^-^^\^^) (35) 

„, , f^(l — x), f X + y(l — x) — z(l — x)x\ , , 

F^{z,y) = -y dx^- ^ In ^^ ^ , ^ '-] (36) 

Jo xz \ x + y[l-x) J 

^, , /""'^ , 1 , f X + yil — x) — zil — x)x\ ,„„, 

F,{z,y) = - dx-\n[ ^^ ' ^ '-] (37) 

Jo z \ x + y[l-x) J 

In the limit z — > 0, one recovers the usual loop functions: 



, . . x^ - Qx"^ + ^x + 2 + Qx\og{x)\ 

Fi(0,x)=x( I2{x-1Y \ =xFi[x) (38) 

„, , . ,' 2x'^ + 3x^ — 6x + 1 — 6x'^ los,(x)\ ^, . , . 

F2(0, 1/x) = X ( I^(^3Iji ^^ j = ^^2(0;) (39) 

/a;2 -4a; + 3 + 21og(a;)\ ^, , ,^^ 

F,{0,x) = X { -^-—^^^^j = xF,{x) (40) 

, , /x"^ — 1 — 2xlos,(x)\ , ^ , ^ 

F,{0, 1/x) = X ( 3^^ M = xF,{x) (41) 
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where the -Fi, 2,3,4(3^) functions are defined in ref.[15]. 



Gi{x,y) 
G3{x,y) 
G2ix,y) 

G4{x,y) 



dFi{x,y) dFi{x,y) 

~y — 7) — + ^ — 7) — 

oy ox 

dF3{x,y) dF^{x,y) 



dy 

1 dF2{x,z) 



y dz 
1 (9^4 (x, 2;) 



y dz 



+ X- 



z=l/y 



z=l/y 



dx 



(42) 
(43) 
(44) 

(45) 



It is easy to check that in the hmit a; — *> 0, one recovers the usual MIA loop functions: 



G'i(0,x) 
^2(0,^) 
G3(0,x) 
^4(0,0:) 



—X- 



-X- 



—X 



—X- 



-1 — 9a; + 9a;^ + x"^ — 6a;(l + x) log(a;) 

Q{x- If 
-1 + 9a; + 9a;2 - 17x^ + 6a;2(3 + x) log(a;) 

I2{x-lf 
-5 + 4a; + a;^ - 2(1 + 2a;) log(a;) 
2(a;-l)4 
1 + 4a; - 5a;2 + 2a;(2 + x) log(a;) 
2ix-lY 



(46) 
(47) 
(48) 
(49) 



f2{x) 



djxF^jx)) 

dx 
1 — 9a; — 9x^ + 17a;^ — 18a;^ In x — Qx^ In x 



12fa;- l] 



Ux) ^ 



d{xFi{x)) 



dx 

— 1 — 4a; + 5x^ — 4x In x — 2x^ In x 
2(x-l)4 



(50) 
(51) 
(52) 
(53) 
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